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Introduction
Prior studies have demonstrated a higher frequency of preterm birth and lower frequency of post term birth in black compared to white women.
1, 2 Additionally, gestational age specific neonatal morbidity is lower in black compared to white births at preterm gestational ages. These prior studies suggest that the "normal" gestational length of black women may be shorter than that of white women. The aim of this study was to quantitatively assess the gestational age specific difference in neonatal morbidity of black versus white infants.
Material and Methods

This study was approved by the Ohio Department of Health and Human Subjects
Institutional Review Board and a de-identified data set was provided by the Child Policy
Research Center of Cincinnati Children's Hospital Medical Center. The study was exempt from review by the Institutional Review Board at the University of Cincinnati, Cincinnati, Ohio.
We conducted a population-based retrospective cohort study using the Ohio Department of Health's birth certificate database (2006 and 2007) to assess racial differences in the frequency of adverse neonatal outcomes, stratified by week of gestation.
We examined birth records of all singleton live births excluding major congenital anomalies, births < 20 or > 44 weeks, births to mothers with any self reported race other than white or black, missing race and mothers listing race as both black and white ( Figure   1 ). After exclusions, 273,256 births remained for analysis.
The primary outcome was a composite of adverse neonatal outcome consisting of one or more of the following: Apgar score < 7 at 5 minutes, assisted ventilation > 6 hours, neonatal seizures, or neonatal transport to a tertiary care facility. We focused our assessment of neonatal outcomes to those occurring in the immediate (24-48 hours) post delivery period as those occurring later would not be captured at the time of birth certificate generation. The frequency and risk of adverse outcome was compared between black and white newborns by week of gestational age, from 32 to 41 weeks.
Less than 1% of deliveries occurred after 41 weeks, thus analysis was limited to these earlier gestational ages. At gestational ages less than 32 weeks the high rate of morbidities present regardless of race, as well as far fewer births at these early preterm gestational ages, limited our ability to make accurate week-by-week outcome comparisons at early gestational ages. As such the analysis was limited to 32 to 41 weeks of gestation. The variable "combined EGA", which is an estimate of gestational age using a combination of LMP, ultrasound, and clinical dating -as commonly used in clinical practice-was used for this analysis.
There was minimal missing data for the exposure variables and primary outcomes of interest in this study. The data set included complete data on maternal race in 307,496
(99.7%) and gestational age in 307,880 (99.8%) births. Maternal race information was missing in only 815 (0.3%) birth records, and these were excluded from analysis. Data on father's race was missing in 26,987 (11.8%) of white mothers and 22,298 (49.2%) of black mothers. For the purposes of this study, the neonate's race was considered the same as the mother's race. As the reported identity and race of the father on the birth record is subject to error, misreport, or missing data, it was not considered as part of the definition of neonatal race in this study. There was minimal missing data (<5%) for each of the covariates included in the adjusted analysis, except for maternal weight which had 7.9% missing data. and white), and 18,624 (6.3%) were births to mothers of other race.
Demographic differences of the population are outlined in Table 1 . Black mothers were younger but had a higher parity compared to white mothers. Black mothers were more likely to be obese, have a prior preterm birth, or a preexisting medical complication of hypertension or diabetes. Black mothers were more likely to have a limited number of prenatal care visits, be unmarried, and have state Medicaid insurance.
The reported race of the father of the baby was the same as the mother in 96.4% of white and 93.1% of black mothers, although data on paternal race was missing for 11.8% of white mothers and 49.2% of black mothers. Mode of delivery was similar between black and white parturients.
The most frequent gestational age at birth was 39 weeks for both black and white neonates. The frequency of adverse neonatal outcome was higher for white compared to black infants at all preterm gestational ages, but higher for black neonates at all term gestational ages, Table 2 . This is graphically demonstrated in Figure 2 , showing a similar appearing frequency distribution curve of adverse neonatal morbidity in black compared to white births by gestational age, but with the curve shifted to left (earlier gestational age) for black births by one week. The highest rate of adverse neonatal outcome was at the earliest gestational ages of prematurity for both black and white births. Births to both black and white mothers had declining rates of adverse neonatal outcome as the gestational age increased to term. Although the rate of morbidity was low at all term gestational ages in both races, and the week-by-week differences were small, the lowest rate of adverse outcome for black neonates was for birth at 38 weeks of gestation, 3.9%, and for white neonates was for birth at 39 weeks of gestation, 2.4%. The rate of adverse outcome in black births increased progressively from 38 to 41 weeks of gestational age, with a rate of 5.4% at 41 weeks of gestation. The rate of adverse outcome in white births also increased by week of gestation at term, but the rate did not increase until after 39 weeks and reached a maximum of 3.0% at 41 weeks of gestation.
Individual neonatal morbidities occurred more frequently in black neonates compared to white, except neonatal transport to tertiary care facility and neonatal seizure, Table 3 . To account for the influence of racial differences in births occurring at a tertiary facility, which would not necessitate neonatal transfer in most instances, we quantified the frequency of transport separately after accounting for hospital level. The proportion of black births occurring at a level III hospital, i.e. a tertiary facility, was higher than that for white births, 57% versus 31%, and these black births had a lower frequency of transport than white births (1.0% vs. 1.9%). However, black births at level I and II hospitals had higher frequency of transport than white births. When births in all hospital levels were included, the overall frequency of transport for black neonates was only slightly lower than white neonates (1.8% vs. 2.0%). After adjustment for hospital levels in the regression model, black neonates still had lower rate of composite morbidity from 32 to 36 weeks but higher rate of composite morbidity from 38 to 41 weeks.
The overall frequency of composite neonatal morbidity was higher in black neonates (7.0%) than white (4.6%), p < 0.01. Compared to white neonates, black neonates have a reduced risk of gestational age specific composite morbidity during the preterm period through 36 weeks of gestation ( Figure 3 After 38 weeks of gestation, the relative risk of adverse outcome in black compared to white neonates modestly increases by each week of continued pregnancy.
The increase in preterm birth rates in black women is well described 1 . Increased risk for adverse outcome such as preterm birth and small for gestational age infants is increased in the black population [3] [4] [5] . Overall fetal and neonatal mortality is also higher in black mothers 6 . However, improved neonatal survival in black neonates compared to white at low birth weight and in premature infants has been described [7] [8] [9] . Alexander and colleagues have shown that the lowest tenth percentile of birth weight by gestational age increases less with each week of gestational age for black neonates compared with white.
The flattened curve of weight gain by gestational age in their study may indicate an earlier point at which the placental function of black women becomes insufficient for continued support of the pregnancy. Our data would be consistent with the finding that black women may have a shorter programmed gestational length, with increased morbidity after 38 weeks.
One of the most significant strengths of this study includes the large population-based cohort utilized for analysis. The large sample size provides sufficient power to assess infrequent events such as adverse neonatal outcome, and stratify the frequency of this outcome by week of gestational age. The population-based nature of the cohort includes births to a wide variety of patient types, both low and high risk, delivered at a variety of hospital types including both community and tertiary referral centers. Thus we feel our findings are generalizable to many populations.
Weaknesses of the study include issues related to the validity of birth certificate data as it is reported. The reporting of morbidities on the birth certificate may miss morbidities that develop more than 2 days after birth. However, as the majority of early neonatal morbidity is present within the first 2 days of life, the effect of these late occurring morbidities is likely to be small and therefore unlikely to significantly underestimate the true morbidity. The primary outcomes studied have very little missing data in the dataset; however in controlling for co-morbid conditions, there may be under-represented conditions. The underreporting of medical conditions in birth certificate data has been previously reported 10 . As medical comorbidities were not the primary outcome of the study, and rather only used as a covariate, it is unlikely to significantly bias the resulting risk estimates. The exposure variable for this study, race, itself has been shown to be highly accurate by self report 11 . Concerns arise over assignment of gestational age;
however the collected data is a combined gestational age by self report and clinical records, thus represents the best obstetric estimate of gestational age. If misclassification of gestational age is present, it is not likely to be systematic in nature and therefore randomly distributed and unlikely to bias outcome estimates in one direction of effect.
Although the father's race is subject to considerable lack of data, with more data missing in the records of black mothers, this is also unlikely to significantly bias the results, and if so would most likely bias the results toward the null considering underreported biracial status.
The composite variables include the need for ventilation greater than 6 hours, neonatal transport, seizures and Apgar score less than 7 at 5 minutes. Each of these is discretely noted in the birth certificate record. The birth certificate contains separate codes for neonates intubated at birth versus those who required ventilator support for more than 6
hours. As those requiring prolonged support likely indicate a true morbidity compared to those who may have been intubated for prophylactic suctioning of meconium or other indications that did not require continuation of mechanical ventilation, we chose the variable "ventilator support > 6 hours" to include in our composite of neonatal morbidity.
Neonatal seizures are more likely to occur in the first 48 hours of life, and thus this would be accurately reflected in the birth certificate record. Neonatal transport is also most likely to occur in the first 2 days of life and would be accurately recoded. The validity of composite neonatal morbidity has been previously reported 12 .
Fetal and neonatal deaths have been shown to be underreported in black women 6 . As the outcomes analyzed in this study (1-2 days post birth) would not have captured most neonatal deaths, those at the highest risk of death would have likely exhibited one of the morbidities included in our composite of adverse neonatal outcome. Additionally, not including stillbirths in this study would be unlikely to significantly impact the week by week comparisons of neonatal outcome as the overall rate of fetal mortality at the gestational ages analyzed in this study is low, less than 0.3 percent per week. Thus the impact of unanalyzed fetal or neonatal deaths is less likely to significantly change the outcome in this particular study, but could more significantly influence the result in a study of extreme prematurity.
To further characterize the effect of the variables included in the composite neonatal morbidity, the data were analyzed for other morbidities (birth injury, NICU admission, neonatal antibiotic administration, surfactant administration). These did not significantly change the frequency distribution curves. The effect of neonatal transport on composite morbidity was also analyzed. When neonatal transport was removed from the composite morbidity, the separation between the preterm curves was diminished, but the term curves stayed the same. This effect may in part be explained by the fact that neonatal transport was one of the most frequent adverse outcomes within the composite. With its removal, outcome differences became less prominent and statistical power to identify these differences decreased. Because the rate of neonatal transport was higher in white neonates than black neonates the effect was greater in white morbidity curve. As improved neonatal morbidity in black preterm neonates has been previously published, the absence of a difference was felt to be due to factors related to differences in delivery location. If black neonates are delivered more frequently at tertiary care centers, there will be less need for transport than would be expected for white neonates delivered at community hospitals. This could represent a socio-demographic bias. Conversely, if black neonates fare better (as has been previously reported) the need for neonatal transport may be less in that preterm population. Considering the population-based nature of this study, the births analyzed occurred in a multiracial community at differing levels of care by a variety of care provider types. Taking into consideration the inherent differences among individuals and between sites, we chose to include neonatal transport in the final composite outcome variable, rather than make inferences into the reason for its differential influence and potentially decrease the generalizability of our findings.
In conclusion, our study findings suggest that the optimal gestational length for black mothers may be shorter than that of white mothers. We find that black neonates have lower frequency of adverse outcome at preterm gestational ages than white, and "postterm" risk of adverse outcome occurs at an earlier gestational age in black than white mothers. Our findings suggest that consideration could be given to earlier initiation of antenatal fetal surveillance for black women at term. To provide the basis for clinical practice change, however, would require further study. Furthermore, we propose that future studies evaluating birth outcomes by gestational age should assess neonatal outcomes separately for black and white births. Composite morbidity defined as ≥ 1 of the following: Apgar score of < 7 at 5 minutes, assisted ventilation > 6 hours, neonatal seizures, or neonatal transport to a tertiary care facility 
